Raised intracellular glucose concentrations reduce aggregation and cell death caused by mutant huntingtin exon 1 by decreasing mTOR phosphorylation and inducing autophagy.
Huntington's disease is caused by a CAG trinucleotide repeat expansion that is translated into an abnormally long polyglutamine tract. This gain-of-function mutation is associated with huntingtin aggregation and cell death. Autophagy is an important clearance route for mutant huntingtin exon 1. While mammalian target of rapamycin (mTOR) is a key regulator of autophagy, the upstream modifiers of this process are poorly understood. Our previous expression profiling studies in HD cell models observed changes in four genes associated with glucose metabolism, including the GLUT1 glucose transporter. A role for intracellular glucose as a modulator for polyglutamine toxicity was suggested as cell death was reduced by GLUT1 overexpression. Here we show that the protective effect of GLUT1 is associated with decreased huntingtin exon 1 aggregation in cell models. Consistent with this result, we also observed reduced aggregation and enhanced clearance of mutant huntingtin when cells were cultured in raised glucose concentrations (8 g/l). These effects were mimicked by 8 g/l 2-deoxyglucose (2DOG) (transported, phosphorylated but not metabolized further), but not with 8 g/l 3-O-methyl glucose (transported but not metabolized further). Thus, this phenomenon is probably mediated by glucose-6-phosphate. Increased clearance of mutant huntingtin by raised glucose (8 g/l) and 2DOG correlated with increased autophagy and reduced phosphorylation of mTOR, S6K1 and Akt. Thus, raised intracellular glucose/glucose 6-phosphate levels reduce mutant huntingtin toxicity by increasing autophagy via mTOR and possibly Akt. As mTOR and Akt regulate a diversity of crucial cellular processes, our data also suggest a major new set of targets for intracellular glucose signalling.